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Androgen  receptor  (AR)  and  proliferating  cell  nuclear  antigen  (PCNA)  play  a crucial  role  in
development  and  progression  of  various  prostatic  diseases  including  prostatic  carcinoma
that is  a  leading  cause  of  death  in males.  Previous  studies  have  evaluated  the expression
pattern  of AR  and  PCNA  in  prostate  epithelial  cells  using  immunohistochemistry  (IHC).
However,  this  technique  has  limited  ability  to  identify  their  precise  subcellular  localization.
Therefore,  the  aim  of this  study  was  to localize,  subcellularly,  AR and PCNA  in  the secre-
tory  epithelial  cells  of  rat  ventral  prostate  using  post embedding  immunogold-electron
microscopy.  The  ventral  lobes  were  dissected  from  six  adult  male  albino  rats  after  being
perfused  with  paraformaldehyde.  Some  specimens  were  immuno-labeled  with  AR  or PCNA
and others  were  processed  for  immunoelectron  microscope  of AR  and  PCNA  using  15-
nm  gold  conjugated  secondary  antibodies.  The  results  showed  that,  by immunoperoxidase
reaction,  AR  and  PCNA  were  localized  diffusely  throughout  the  nuclei  of the  epithelial  cells
of  prostatic  acini  without  visible  cytoplasmic  expression.  However,  the  higher  resolution
immuno-electron  microscopy  was  able  to detect  AR  and  PCNA  in the nucleus  and  some
cytoplasmic  organelles.  In conclusion,  this  study  emphasizes  the importance  of  immuo-
electron  microscopy  in  precise  localization  of AR  and  PCNA  at the  subcelullar  levels  in  the
secretory epithelial  cells  of the rat prostatic  acini.  These  ﬁndings  will  help  to further  under-
stand the  mechanism  of action  of these  receptors  under  normal  and  pathological  conditions
that could  have  future  clinical  application  after  careful  human  investigation.
©  2015  Saudi  Society  of  Microscopes.  Published  by  Elsevier  Ltd.  All  rights  reserved.. IntroductionThe prostate gland is the largest male accessory gland
hat depends on different hormones such as androgens,
strogens and prolactin. The testosterone is the main
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of prostate and maintenance of its structural and func-
tional integrity. Subtle change in the testosterone level
is usually accompanied by alterations in the growth and
weight of the prostate [1]. In the cytoplasm of target cells,
testosterone binds to the androgen receptor that under-
goes structural change to allow nuclear translocation of
the testosterone–AR complex. In the nucleus, AR bind to
androgen response elements promoting transcription of
androgen-responsive genes, which control a range of cellu-
lar events such as growth, differentiation and apoptosis [2].
ghts reserved.
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However, in several cell types as prostate cancer cells [3],
breast cancer cells [4], osteoblasts [5] and neuronal cells
[6], additional non-genomic androgen actions have been
reported, including the rapid activation of kinase signaling
cascades, modiﬁcation of the cytoskeleton and modulation
of intracellular calcium levels.
In normal adult prostate, the epithelial cells are continu-
ously turning over. In this self-renewing condition, the rate
of prostatic cell death is balanced by an equal rate of pros-
tatic cell proliferation. As a result, neither involution nor
overgrowth of the gland normally occurs [7]. Disturbance
of this balance is responsible for development of severe
medical conditions including prostatic carcinoma which is
considered as the second leading cause of cancer-related
deaths in males [8]. Therefore, it is important to study
the expression of proliferation and apoptotic markers in
the prostate gland as early indicators to disease develop-
ment or therapeutic outcome. Among these proliferation
markers is the proliferating cell nuclear antigen (PCNA),
which is known as cyclin, that encircles the DNA in the
nucleus. It acts as a cofactor for DNA polymerase delta
which controls premitotic DNA duplication, DNA repair,
replication, post-replication modiﬁcations and chromatin
assembly [9]. PCNA is currently used as an objective and
quantitative measure to diagnose malignancy and to assess
the efﬁciency of cytotoxic and chemo-preventive drugs in
cancer research [10,11].
The current study aimed to use immuno-electron
microscopy to allocate the AR and PCNA, at the subcellular
level, in the secretory epithelial cells of rat ventral prostate
which could potentially be used to understand their possi-
ble role in different prostatic diseases.
2. Material and methods
2.1. The animals
This study was carried out in Glasgow University in
accordance with the European Communities Council Direc-
tive (86/609/EEC) and with the terms of a project license
under the UK Scientiﬁc Procedures Act (1986). Six adult
male albino rats with an average body weight of 225–250 g
were allowed to acclimatize for a week prior to the start
of the study with a controlled environment (12 h light/12 h
dark cycle) and free access to standard laboratory granu-
lated solid Purina rodent show (CRM Diet, Labsure, Pool,
UK) and tap water. Rats were deeply anesthetized with
sodium pentobarbitone (30 mg/kg, intraperitoneal) [12]
and transcardially perfused with 4% paraformaldehyde in
0.1 M phosphate buffer solution (PBS) (pH 7.2). The ventral
prostate lobes were dissected and immersed in the same
ﬁxative solution for 2 h at 4 ◦C, followed by 30% sucrose in
0.1 M PBS (w/v) until the time of processing.
2.2. Immunohistochemistry
Pieces of prostatic ventral lobes were rinsed with
0.1 M PBS and dehydrated through an ascending grades of
ethanol then were cleared by amyl acetate using automatic
tissue processor (Reichert-Jung, Germany). The tissues
were imbedded in paraplast and 5-m sections were cutcopy and Ultrastructure 3 (2015) 75–81
using microtome and were collected on coated slides for
immunohistochemistry. Antigen retrieval was  performed
using 0.1 M sodium citrate buffer (pH 6.0) for 5 min  in pres-
sure cooker and the endogenous peroxidase was blocked
by 3% hydrogen peroxide (VWR) in methanol for 30 min.
After that, the sections were treated with 5% bovine serum
albumin (Sigma) and 20% normal goat serum (Sigma) in
0.05 M tris-buffer saline as a blocking buffer for 1 h at room
temperature and incubated overnight at 4 ◦C with the pri-
mary antibodies; mouse anti-PCNA (Abcam-29) and rabbit
anti-AR (Santa Cruz Biotechnology-816) diluted in a block-
ing solution (1:1000 and 1:100 respectively). Sections were
then washed in 1% TBS-tween-20 and TBS, incubated for 1 h
at room temperature with goat anti-mouse and goat anti-
rabbit biotinylated secondary antibodies (Jackson) diluted
(1:200) in the blocking buffer solution. Avidin–Biotin-
Complex (Vectastain ABC kit, Elite-PK-6100 Vector Labs)
was  added to the sections for 30 min  followed by washing
in TBS. The 3,3-diaminobenzidine (DAB) was used (Vec-
tor Laboratories) with Mayer’s hematoxylin as a counter
stain before dehydrating the sections and mounting with
DPX to be imaged using CCD camera (Axiocam HRc, Zeiss,
Germany) mounted on the light microscope (Eclipse 800,
Nikon, Japan). To test for any non-speciﬁc reaction, the pri-
mary antibody was  replaced by blocking solution in the
negative control sections.
2.3. Immuno-electron microscopy
Small pieces of ventral prostate were washed thor-
oughly with 0.1 M PBS and dehydrated in graded ethanol,
then were inﬁltrated with 2:1 LR white acrylic resin
(medium grade) (London Resin Company/Hampshire, UK)
diluted in 70% ethanol for 1 h followed by further inﬁltra-
tion in 4 changes of pure LR white resin. The specimens
were polymerized at 55 ◦C for 48 h in the bottom of closed
gelatin capsules ﬁlled with fresh LR white resin. Ultra-
thin sections (70 nm)  were picked on dull (bright, coated)
sides of 200 mesh nickel grids and were processed for
post-embedding immunogold labeling. After incubation on
drops of blocking buffer (5% bovine serum albumen, 20%
normal goat serum and 0.1% Triton-X100 in TBS) for 1 h
to block nonspeciﬁc binding, the sections were incubated
with primary antibodies (mouse anti-PCNA and Rabbit
anti-AR) diluted 1:10 in blocking buffer in a humidiﬁed
chamber overnight at 4 ◦C. The ultrathin sections were
washed on frequent drops of TBS with 0.1% Triton-X100,
before applying the secondary antibodies; 15-nm gold
labeled (goat anti-mouse) and (goat anti-rabbit) (British
Bio Cell International, Cardiff, UK) diluted (1:25) in block-
ing buffer for 2 h at room temperature. The grids were
counterstained with uranyl acetate and lead citrate for
examination and photography with transmission electron
microscope. The speciﬁcity of the immunoreactions was
assessed by omitting the primary antibodies from the label-
ing protocol [13].3. Results
Immunohistochemistry of AR and PCNA in the pros-
tatic acini of the rat ventral prostate showed a positive
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F tral prostate. A: nuclear expression of AR (arrow). B: nuclear expression of PCNA
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Fig. 2. Electron photomicrograph of a part of a rat ventral prostatic aci-
nus showing secretory columnar epithelial cells (SC) and basal ﬂat cells
(BC), both resting on the basement membrane (BM). The secretory epithe-
lial  cell shows; basal nucleus (N), parallel cisternae of rough endoplasmic
reticulum (RER), apical secretory granules (SG) of varying electron den-
sity and apical microvilli (arrow) are projecting in the lumen. L, lumen; S,
stroma (TEM, ×2000).ig. 1. Immunohistochemistry of AR and PCNA in prostatic acini of rat ven
arrow) in few secretory epithelial cells of prostatic acini. L, lumen; S, stro
uclear immunoreactivity in the secretory epithelial cells
ith no cytoplasmic expression. The majority of the secre-
ory cells were immune-positive for AR, while few cells
ere immune-positive for PCNA (Fig. 1). The speciﬁcity
f the antibody reaction was veriﬁed by the absence of
mmunostaining in the negative control sections either
y the light or the electron microscopes. Electron micro-
cope imaging showed that the prostatic acini were
ined with secretory columnar epithelial cells which
ere intermingled with basal ﬂat cells. These secretory
ells were characterized by basally located oval shaped
uclei (showing homogenous nuclear chromatin with
ites of higher condensation near the nuclear periph-
ry) with clearly visible nuclear envelop and nucleolus.
hereas, their cytoplasm was composed of; granular
ndoplasmic reticulum that was formed of numerous
attened and parallel cisterns located in the perinu-
lear and basal regions of the cell, rounded secretory
ranules observed in the apical cytoplasm with multiple
icrovilli covered the apical surface facing the lumen,
hile the basal surface rested on the basement membrane
Fig. 2).
Immunoelectron microscopy of androgen receptor
evealed the presence of gold particles-labeled AR in the
uclei as well as in the cytoplasm of the secretory epithe-
ial cells. AR was distributed in all nuclear compartments
ncluding; the nuclear membrane, the nuclear pore, the
ucleoli and over the chromatin (peripheral condensed
nd extended chromatin) with different distribution pat-
erns. The gold particles were either freely distributed
r aggregated together in the periphery of the nucleus
Figs. 3 and 4). In the cytoplasm, the gold particles were
cattered near the nuclear membrane, mainly close to the
ough endoplasmic reticulum as well as over the mitochon-
rial matrix and membranes (Fig. 5).Furthermore, immune-electron microscopy of PCNA
showed subcellular localization of gold particles-labeled
PCNA in nuclear and different cytosolic structures. Within
the nucleus, the gold particles were scattered over the
nuclear membrane, nuclear pores, peripheral heterochro-
matin and the nucleolus. Whilst, in the cytoplasm, the
gold particles were dispersed in-betweens the cisternae
of rough endoplasmic reticulum, in the mitochondria and
in the apical cytoplasm in-between the secretory granules
(Fig. 6).
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Fig. 3. Immunoelectron photomicrograph of AR in a secretory epithelial
cell of a rat ventral prostatic acinus showing immunogold particles dis-
tributed in the nucleus (N) (arrow), nuclear membrane (arrow head) and
in the nuclear pore (inset). AR is also detected in the cytoplasm (C) (dashed
[16].arrow) close to the rough endoplasmic reticulum. (TEM, ×13 000 – inset,
×33  000).
4. DiscussionImmuno-electron microscopy means using antibodies
for intracellular localization of particular protein under
electron microscopy. This can be technically challenging,
Fig. 4. Immunoelectron photomicrograph of AR in a secretory epithelial cell of a 
gold  particles-labeled AR in the nucleus (N) of secretory epithelial cell. A: the immu
(arrow), euchromatin (arrow head) and nucleolar associated chromatin (dashed
the  nucleus (arrow). C: the gold particles are scattered across the nucleolus (Nu) copy and Ultrastructure 3 (2015) 75–81
expensive and requires hard optimization of tissue ﬁx-
ation and processing methods. However, the use of the
secondary antibodies conjugated with gold particles allows
high resolution detection and localization of antigen in
the cells and tissues which offers additional insights into
the structure–function relationships. The two most widely
used techniques for immune-electron microscopy are;
the pre-imbedding and the post-embedding immunogold
labeling. Although the sensitivity of the post-embedding
methods is thought to be much lower than that of the
pre-embedding labeling, post-embedding labeling is more
practical and economic, as the resin-embedded materials
can be reused for testing various antibodies with differ-
ent dilutions [14]. Additionally, LR-white resin was  used
in this study as an embedding medium because it is
hydrophilic (Acrylic) resin, ready to be used, less toxic,
more permeable to aqueous solutions. It is also polymer-
ized under low temperature or even under UV light that
allows preservation of the ultrastructure and maintains
the immunogenicity of the cells with clear localization
of antibodies signals [15]. Moreover, using 15 nm gold
particles is optimum for the post-embedding immuno-
gold labeling to be visualized under transmission electron
microscopy with no need for silver enhancement techniqueIn this study, prostatic tissues were ﬁrst immunostained
with anti-AR and anti-PCNA antibodies using immunohis-
tochemistry techniques in order to test the speciﬁcity of
rat ventral prostatic acinus showing the different distribution patterns of
nogold particles are broadly distributed in the peripheral heterochromatin
 arrow). B: the immunogold particles are aggregated in the periphery of
(dashed arrow). (A & B: ×10 000; C: ×33 000).
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Fig. 5. Immunoelectron photomicrograph of AR in a secretory epithelial cell of a rat ventral prostatic acinus showing the different distribution patterns of
gold  particles-labeled AR in the cytoplasm of secretory epithelial cell. A & B: the gold particles are distributed over the rough endoplasmic reticulum (RER)
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:  ×66 000; C & D: ×33 000).
he primary antibodies and to optimize dilution of anti-
odies for immune-electron microscopy which is usually
/10 of that used for immunohistochemistry. Moreover,
o show the expression pattern of these proteins at the
ight microscope level. Immunohistochemistry revealed
hat AR and PCNA are predominantly localized in the nuclei
f the secretory epithelial cells. However, the immune-
lectron microscope staining showed their existence in the
ucleus as well in the cytoplasm of the secretory epithe-
ial cells. This was in agreement with Zhuang et al. [17],
ho used pre-embedding immunogold-silver enhanced
ethods for subcellular localization of androgen recep-
ors in both ventral prostate and seminal vesicle. They also
howed that most of the silver enhanced gold particles
ere located over the cell nuclei with the most intense
abeling in heterochromatin. Similarly, Soefﬁng and Timms
18] located AR in the cytoplasm and nuclei of the prostate
ecretory and basal epithelial cells. The cytoplasmic and
he nuclear localization of AR was proposed to be the result
f its cytoplasmic-to-nuclear relocalization which depend
n the testosterone. This was supported by remaining of
R in the cytoplasm with export of unloaded AR from
he nucleus to the cytoplasm, where it is transcriptionally
nactivated, in absence of testosterone. These ﬁndings can head) as well as on the mitochondrial membrane (dashed arrow). (A &
help understanding the potential biological role of andro-
gen receptors in the cytoplasm [2,19,20].
PCNA was originally identiﬁed as a nuclear antigen that
is expressed in the cells during DNA synthesis phase of
the cell cycle. In this study, PCNA was detected in the
nuclei of the secretory epithelial cells by using immuno-
histochemistry and immuno-electron microscopy. This
was in settlement with Baran et al. [21] who  localized
PCNA throughout the pronuclei of fertilized mouse eggs
using post-embedding immunogold methods on ultra-
thin cryosections. Furthermore, in this study, immunogold
labeling of PCNA revealed its distribution in the cytoplasm
of the secretory epithelial cells. This was  identiﬁed also by
Grzanka et al. [22], who  revealed positive nuclear (mainly
in the heterochromatin) staining for PCNA in biopsies
taken from patient with laryngeal squamous cell carci-
noma with no expression was detected in the nucleoli.
The same authors showed that gold particles-labeled PCNA
was detected throughout the cytoplasm, mainly on rough
endoplasmic reticulum and ribosomes. Similar results were
reported by Bouayad et al. [23], who showed the cyto-
plasmic localization of PCNA in neutrophils which was
proposed to be the result of its nuclear-to-cytoplasmic relo-
calization during its differentiation to inhibit neutrophil
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Fig. 6. Immunoelectron photomicrograph of PCNA in a secretory epithelial cell of a rat ventral prostatic acinus showing the different distribution patterns
of  gold particles-labeled PCNA in the secretory epithelial cell. A: the gold particles are detected in the nucleus (N), mainly in the nuclear pore (arrow), the
e periph
 the mi
; C, ×46nucleolus (Nu) (arrow head). B: Immunogold particles are detected on th
(arrow) are distributed over the rough endoplasmic reticulum (RER), and
apical  cytoplasm between the secretory granules (SC). (A, B & D: ×33 000
apoptosis. The same expression pattern was reported in
the ﬁbroblast in which a selective delocalization of nuclear
PCNA to cytosol was observed after serum starvation, sug-
gesting that PCNA nuclear-to-cytoplasmic relocalization
might play a role in different cells differentiation. Addi-
tionally, Naryzhny and Lee [24] revealed that, a substantial
amount of PCNA in the cytoplasm is associated with sev-
eral cytoplasmic oncoproteins, such as elongation factors,
malate dehydrogenase and regulators of glycolysis path-
way.
5. Conclusion
This study showed that regular immunohistochemistry
techniques may  not be sufﬁcient for precise subcellular
localization of AR and PCNA as well as this study highlights
the importance and feasibility of immunogold electron
microscope as a reliable alternative. The immunohisto-
chemistry was  able to detect AR and PCNA in the nucleus
only, but the immunogold electron microscope showed
not only additional cytoplasmic expression of both recep-
tors but also showed their subnuclear and subcytosolic
localization in the secretory epithelial cells of the prostatic
acini. The exact localization of receptor site will ultimately
help understanding its exact mechanism of action and
its dynamic inside the cells during healthy and diseasederal heterochromatin chromatin. C: In the cytoplasm, the gold particles
tochondria (M). D: The immunogold particles (arrow) are present in the
 000).
condition. Therefore, these ﬁndings could potentially help
in early disease diagnosis, mentoring therapeutic outcome
and could have future clinical application after careful
investigation.
Conﬂict of interest
None declared.
Acknowledgements
We  greatly thank David Russell, Anatomy depart-
ment, Glasgow University, UK for technical assistance in
processing tissues for immuno-electron microscopy.
References
[1] Kierszenbaum AL, Rivkin E, Tres LL. Molecular biology of sperm head
shaping. Soc Reprod Fertil Suppl 2007;65:33–43.
[2] Girling JS, Whitaker HC, Mills IG, Neal DE. Pathogenesis of prostate
cancer and hormone refractory prostate cancer. Indian J Urol
2007;23(1):35–42.
[3] Kampa M,  Papakonstanti EA, Hatzoglou A, Stathopoulos EN,
Stournaras C, Castanas E. The human prostate cancer cell line
LNCaP bears functional membrane testosterone receptors that
increase PSA secretion and modify actin cytoskeleton. FASEB J
2002;16(11):1429–31.
[4] Sun M,  Yang L, Feldman RI, Sun XM,  Bhalla KN, Jove R, et al. Acti-
vation of phosphatidylinositol 3-kinase/Akt pathway by androgen
f Micros
[
[
[
[
[
[
[
[
[
[
[
[
[
[N.G. Bahey, E.A.E.-A. El-Drieny / Journal o
through interaction of p85alpha, androgen receptor, and Src. J Biol
Chem 2003;278(44):42992–3000.
[5] Kang HY, Cho CL, Huang KL, Wang JC, Hu YC, Lin HK, et al. Nonge-
nomic androgen activation of phosphatidylinositol 3-kinase/Akt
signaling pathway in MC3T3-E1 osteoblasts. J Bone Miner Res
2004;19(7):1181–90.
[6] Nguyen TV, Yao M,  Pike CJ. Androgens activate mitogen-activated
protein kinase signaling: role in neuroprotection. J Neurochem
2005;94(6):1639–51.
[7] Kaufmann SH. Apoptosis, pharmacological implications and thera-
peutic opportunities. In: Apoptosis in hormone-responsive malig-
nancies. Academic Press; 1997. p. 533–72.
[8] Boring CC, Squires TS, Tong T. Cancer statistics, 1992. CA Cancer J Clin
1992;42(1):19–38.
[9] Jonsson ZO, Hubscher U. Proliferating cell nuclear antigen: more
than a clamp for DNA polymerases. Bioessays 1997;19(11):
967–75.
10] Han BS, Park CB, Takasuka N, Naito A, Sekine K, Nomura E, et al. A
ferulic acid derivative, ethyl 3-(4′-geranyloxy-3-methoxyphenyl)-2-
propenoate, as a new candidate chemopreventive agent for colon
carcinogenesis in the rat. Jpn J Cancer Res 2001;92(4):404–9.
11] Cappello F, Rappa F, David S, Anzalone R, Zummo  G. Immuno-
histochemical evaluation of PCNA, p53, HSP60, HSP10 and MUC-2
presence and expression in prostate carcinogenesis. Anticancer Res
2003;23(2B):1325–31.
12] Porto EM,  Dos Santos SA, Ribeiro LM,  Lacorte LM,  Rinaldi JC, Jus-
tulin Jr LA, et al. Lobe variation effects of experimental diabetes and
insulin replacement on rat prostate. Microsc Res Tech 2011;74(11):
1040–8.
13] Skepper JN, Powell JM.  Immunogold staining of London resin (LR)
white sections for transmission electron microscopy (TEM). CSH Pro-
tocols 2008 2008 [pdb prot5016].
14] Sesack S, Miner L, Omelchenko N. Pre-embedding immunoelectron
microscopy: a applications for studies of the nervous systemin. In:
Neuroanatomical tract-tracing 3: molecules, neurons, and systems.
New York, US: Springer Science & Business Media; 2006. p. 6–71.
[copy and Ultrastructure 3 (2015) 75–81 81
15] Sakai Y, Hosaka M,  Hira Y, Watanabe T. Addition of phosphotungstic
acid to ethanol for dehydration improves both the ultrastructure and
antigenicity of pituitary tissue embedded in LR White acrylic resin.
Arch Histol Cytol 2005;68(5):337–47.
16] Pasolli HA, Torres AI, Aoki A. The mammosomatotroph: a transitional
cell between growth hormone and prolactin producing cells? An
immunocytochemical study. Histochemistry 1994;102(4):287–96.
17] Zhuang YH, Blauer M,  Pekki A, Tuohimaa P. Subcellular location
of androgen receptor in rat prostate, seminal vesicle and human
osteosarcoma MG-63 cells. J Steroid Biochem Mol Biol 1992;41(3–8):
693–6.
18] Soefﬁng WJ,  Timms  BG. Localization of androgen receptor and cell-
speciﬁc cytokeratins in basal cells of rat ventral prostate. J Androl
1995;16(3):197–208.
19] Ni L, Llewellyn R, Kesler CT, Kelley JB, Spencer A, Snow CJ, et al. Andro-
gen induces a switch from cytoplasmic retention to nuclear import
of  the androgen receptor. Mol  Cell Biol 2013;33(24):4766–78.
20] Nguyen MM,  Dincer Z, Wade JR, Alur M,  Michalak M,  Defranco DB,
et  al. Cytoplasmic localization of the androgen receptor is indepen-
dent of calreticulin. Mol  Cell Endocrinol 2009;302(1):65–72.
21] Baran V, Vesela J, Rehak P, Koppel J. Immunocytochemical localiza-
tion of cyclin/proliferating cell nuclear antigen (PCNA) in fertilized
eggs of mice. Reprod Nutr Dev 1992;32(3):241–8.
22] Grzanka A, Sujkowska R, Janiak A, Adamska M.  Immunogold labelling
of  PCNA and Ki-67 antigen at the ultrastructural level in laryngeal
squamous cell carcinoma and its correlation with lymph node metas-
tasis and histological grade. Acta Histochem 2000;102(2):139–49.
23] Bouayad D, Pederzoli-Ribeil M,  Mocek J, Candalh C, Arlet JB, Hermine
O, et al. Nuclear-to-cytoplasmic relocalization of the proliferating
cell nuclear antigen (PCNA) during differentiation involves a chro-
mosome region maintenance 1 (CRM1)-dependent export and is a
prerequisite for PCNA antiapoptotic activity in mature neutrophils. J
Biol Chem 2012;287(40):33812–25.
24] Naryzhny SN, Lee H. Proliferating cell nuclear antigen in the cyto-
plasm interacts with components of glycolysis and cancer. FEBS Lett
2010;584(20):4292–8.
